Abstract: Although a relationship between hypertension and the development of renal cancer and other types of cancer have been proposed for decades, the results of epidemiologic studies remain inconclusive. This study was conducted to evaluate the association between hypertension and genitourinary and gynecologic cancers in Taiwan.
INTRODUCTION
H ypertension is a chronic disease that is frequently observed in middle-aged and older populations, and it places a great burden on public health. A previous analysis showed that, overall, 26.4% of the adult population worldwide had hypertension in 2000, and 29.2% of adults are projected to have this condition by 2025. 1 The age-standardized rate of hypertension in Taiwan between 1993 and 1996 was 23.7%. 2 It is one of the primary risk factor of cardiovascular disease and cerebrovascular stroke, [3] [4] [5] which are the leading causes of death worldwide. 6 In addition to these well-documented hypertension-related diseases, previous studies have examined the possible association between hypertension and cancer risk. Despite numerous studies either directly or indirectly examining the association between hypertension and cancer, the results have typically been conflicting and have not established causality. 7 The most frequently reported cancer associated with hypertension is renal cancer, which has been investigated in numerous epidemiological studies that have indicated higher risks among hypertension patients. [8] [9] [10] [11] Other individual cancer sites that have been documented as a possible association with hypertension or high blood pressure include breast, uterine corpus, bladder, prostate, colorectum, lung, pancreas, liver, and head and neck cancer [12] [13] [14] [15] [16] [17] [18] [19] ; however, the results for these cancers remain inconclusive.
Based on a review of the literature, no nationwide population-based study has discussed the relationship between hypertension and genitourinary and gynecologic cancers risk. This study examined whether the suggested patterns of cancer risk among patients with hypertension is relevant in Taiwan. This retrospective cohort study was conducted to assess whether an increased risk of genitourinary and gynecologic cancers exists in patients with hypertension. The research database was derived from the National Health Insurance (NHI) program in Taiwan.
METHODS

Data Source
Taiwan launched the NHI program in March 1995. Approximately 23.74 million enrollees-accounting for 99% of the Taiwan's population-were covered by this program at the end of 2009. 20 This retrospective cohort study analyzed data sets from the Longitudinal Health Insurance Database 2000 (LHID2000), which was released by the National Health Research Institutes (NHRI). The LHID2000 contains the data of 1,000,000 randomly sampled insurants from the 2000 Registry for Beneficiaries, which contains all medical records of insurants from 1996 to 2011.
According to the NHRI, no significant difference exists in sex, age, or health care costs between the cohorts in the LHID2000 and all enrolled insurants. 21 Diseases were identified based on the International Classification of Diseases, Ninth Revision (ICD-9 Codes) in the LHID2000. The data files are deidentified and further scrambled before being released to researchers. This study was approved by the Institutional Review Board of China Medical University Hospital, Taichung, Taiwan.
Sampled Patients
From the LHID2000, we identified patients aged !20 years with diagnosis of hypertension (ICD-9-CM Codes 401-405) as hypertension cohort between January 1, 1998, and December 31, 2002 . The date of first diagnosis for hypertension after 1995 was defined as index date. Patients whose cancer was diagnosed (ICD-9-CM Codes 140-208) before index date, those with incomplete medical information, or those who were <20 years were excluded. The comparison nonhypertension cohort was randomly selected (approximately 1 for every patient in the hypertension cohort) by frequency matched for age (every 5 years span) and index year under the same exclusion criteria. Finally, 57,961 patients were included as the hypertension cohort and 53,743 patients as the nonhypertension cohort. The participants were followed up until genitourinary and gynecologic cancers (ICD-9-CM Codes 174, 179, 180, 182, 185, 188, and 189) diagnosis, loss to follow-up, withdrawal from the NHI program, or until the end of 2011, whichever occurred first.
Variables of Exposure
The variables considered in this study were age ( 34, (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) (60) (61) (62) (63) (64) , and !65 years) and sex (male/female). Area of residence was divided into 4 levels of urbanization according to several criteria, including population density (people/km 2 ), population ratio of various educational levels, population ratio of elderly people, population ratio of agriculture workers, and the number of physicians per 100,000 people. Level 1 was considered the highest degree of urbanization and Level 4 was the lowest. Urbanization Levels 1 and 2 were defined as urban areas, whereas Levels 3 and 4 were classified as rural areas. The categories used for occupations in this study included public servants, laborers (farmer, fishermen, and industry workers), businessman, low-income earners, and ''others.'' Participants were classified as low-income earners if their insured income was lower than the level required for a premium to be payable. 
Statistical Analysis
The continuous variables were summarized by mean and standard deviation, whereas the categorical variables were summarized by frequency and percentage. The categorical variables were analyzed using a x 2 test, 22, 23 and the continuous variables of the baseline characteristics of the hypertension and nonhypertension patients were analyzed using a Student t test. Univariate and multivariate Cox proportional hazard regression analyses were performed to estimate the hazard ratio (HR) with a 95% confidence interval (CI) for cancer. Significant variables identified by the univariate Cox analysis were included in a multivariate Cox proportional hazard model to identify the independent predictors of genitourinary and gynecologic cancers. We divided cancers into the following 6 groups: female breast cancer (ICD-9-CM Code 174), corpus uteri cancer (ICD-9-CM Codes 179 and 182), cervix uteri cancer (ICD-9-CM Code 180), prostate cancer (ICD-9-CM Code 185), bladder cancer (ICD-9-CM Code 188), and renal cancer (ICD-9-CM Code 189). All data processing and statistical analyses were performed using SAS Version 9.3 (SAS Institute, Inc., Cary, NC). A 2-tailed P value of <0.05 was considered statistically significant.
RESULTS
Baseline Characteristics of the Study Patients
The research sample of 111,704 patients comprised 57,961 patients with hypertension and 53,743 participants without hypertension. Table 1 shows the distribution of characteristics among the study patients. The mean age of the hypertension group was 56.3 years and that of the nonhypertension group was 53.4 years, with nearly 64.2% of hypertension patients aged !50 years. Patients with hypertension were more likely to be men, living in urban areas, and laborers. Compared with the nonhypertension group, the hypertension group was more likely to have other comorbidities, including diabetes, hyperlipidemia, stroke, ischemic heart disease, asthma and chronic obstructive pulmonary disease, alcoholism, and alcoholic liver damage, and antihypertensive agents (P < 0.001).
Cox Model for Analysis of Risk Factors of Hypertension Affecting Cancer Development
After adjusting for age, sex, urbanization level, occupation, income, and other comorbidities and antihypertensive agents, the HRs for uterine corpus and renal cancers were 1.88 and 1.56-fold higher for patients with hypertension, respectively ( Table 2 ). The men with hypertension exhibited a significantly higher risk of genitourinary cancers compared with the nonhypertension group (Table 3 ). Female with hypertension had an 88% and 85% increased risk of uterine corpus cancer and renal cancer risk, respectively, compared with the nonhypertension group.
The age-specific HR showed that patients with hypertension were at higher risk of uterine corpus and renal cancers among patients aged 49 years, compared with those without hypertension (Table 4) .
Furthermore, an analysis of risk factors for hypertension for developing various types of cancer was stratified by follow-up time (Table 5) . Compared with the nonhypertension group, the patients with hypertension had a 2.69-fold hazard of uterine corpus cancer and 1.66-fold hazard of renal cancer in the >5 years follow-up. Table 6 demonstrated the results of subdivision cancer risk among hypertension patients by treatment. It revealed that whether using antihypertensive agents or not did not affect the subsequent cancer risk.
DISCUSSION
In this nationwide population-based cohort study, we observed that overall genitourinary and gynecologic cancer risk was higher in hypertension group, and the hypertension patients were more likely to have renal and uterine corpus cancers. Further analyses stratified by sex and age indicated that only women of age 49 years with hypertension were at a higher risk of renal cancer. Women with hypertension were at a significantly higher risk of uterine corpus cancer, but only limited to those with age 49 years. Stratified analysis by follow-up time revealed that significantly higher risks of renal and uterine corpus cancers were limited to >5 years follow-up.
Cancer has been the leading cause of death in Taiwan for 3 decades. The age-adjusted incidence rate has increased steadily, reaching 295 new cases per 100,000 people in 2011. 24 Cancer is ÃÃÃ P < 0.001. Ã P < 0.05. ÃÃ P < 0.01. y Adjusted for age, urbanization level, occupation, income, and comorbidity of diabetes, hyperlipidemia, stroke, ischemic heart disease, chronic obstructive pulmonary disease, alcoholism, alcoholic liver damage, and medication of antihypertensive agents. becoming a more crucial public health problem in the context of population aging and changes in lifestyles, 25 gaining the attention of the government, which has promoted several primary and secondary prevention programs for major cancers, such as avoidance of high-risk factors and periodical cancer screening, aimed at reducing cancer incidence and mortality rates. 25 Therefore, additional population-based investigations regarding cancer-preventive epidemiology continue to develop. Considering the high prevalence of hypertension, a minor hazard of cancer development could have critical clinical implications from a public health perspective, and this study on cancer risk among hypertension patients was therefore conducted.
Our data demonstrated that overall genitourinary and gynecologic cancer risk was higher in the hypertension group. The plausible mechanism for the possible linkage between cancer and hypertension remains unclear, but it has been hypothesized that predisposition to cancer is increased by chronic inflammation, 26 and also that vascular inflammation could be one of the reasons in the pathogenesis of hypertension. 27 Cancer-specific site analysis revealed a significantly higher risk of renal cancer among the hypertension group, but subdivision analyses found that the significant difference was only observed in women, age 49 years or >5 years follow-up time. Hypertension has been documented as one of the risk factors for renal cancer in both men and women. [8] [9] [10] [11] 13 A metaanalysis of 18 studies revealed a 1.6-fold increase in the risk of renal cancer among hypertension patients. 28 In a large province-wide cohort study of hypertension patients in Finland, Lindgren et al 13 reported that the incidence of renal cancer was significantly higher in hypertension patients than in the general population. This was more evident in women (SIR ¼ 1.43, 95% CI ¼ 1.12-1.80) than in men (SIR ¼ 1.20, 95% CI ¼ 0.86-1.63). In addition, the Hunt Study in Norway reported that high blood pressure levels in women (but not in men) were associated with a relative risk of developing renal cancer. 10 It is consistent with our findings that only women had a significantly higher risk (adjusted HR ¼ 1.85, 95% CI ¼ 1.08-3.17). Hypertensive men had a marginally significantly higher risk for developing renal cancer (adjusted HR ¼ 1.46, 95% CI ¼ 0.97-2.20). Our findings are partially compatible with the study from Chow et al 8 who investigated the hypertension and the risk of renal cancer in men and found that men initially <50 years old had the highest risks. The mechanism of the relationship between hypertension and renal cancer remains uncertain. Angiogenic and other growth factors were associated with higher blood pressure, and these may also be involved in renal carcinogenesis. 8, 18, 29, 30 Lipid peroxidation has also been proposed as the mechanism responsible for the increased risk of renal cancer risk associated with both hypertension and obesity. 31 For other genitourinary and gynecologic cancer sites, previous studies have reported inconsistent findings. 12 Several studies have shown an association between hypertension and the risk of uterine corpus cancer, 13, 15, 32, 33 but it is unclear whether this positive relationship is due to hypertension or the interaction with weight. [34] [35] [36] In addition, other studies did not find the association. 37, 38 The positive association in our study was only observed in hypertensive women with 49 years of age. Some studies have indicated that hypertension is associated with breast cancer risk, 14, 15, 39 whereas other studies have failed to identify a relationship. 12, 13, 40, 41 A recent case-control study in Uruguay reported that hypertension is a risk factor for premenopausal breast cancer. 42 Breast cancer was observed in this study to pose no significant association with hypertension; however, a nonsignificant trend was seen toward decreased risk of breast cancer among older women (!50 years). We found no factor explaining this possible preventive effect and assumed that lifestyle modification of hypertension patients (eg, smoking cessation, exercise, and avoidance of unhealthy food) may partially account for this. Hypertension, a component of the metabolic syndrome, was indicated to be associated with prostate cancer. 17, 43, 44 However, not all epidemiological studies have supported this link. 12, 13 In this study, more prostate patients were observed in the hypertension group, but the difference did not reach the statistically significant level (adjusted HR ¼ 1.20, 95% CI ¼ 0.97-1.47). Häggström et al 45 conducted a prospective cohort study to evaluate the metabolic syndrome and bladder cancer risk and found that high blood pressure was associated with bladder cancer risk in men, but not in women. Stocks et al 12 also highlighted that men with hypertension are more likely to develop bladder cancer. Other studies did not find any relationship between hypertension and bladder cancer risk. 13, 46 Our study also failed to demonstrate this relationship.
Our data indicated that younger hypertensive patients ( 49 years) are typically more vulnerable to cancer development (Table 4) . Although cancer is more frequently observed in elderly adults, this observation implies that younger hypertension patients may need to focus more on subsequent cancer risk. A complication in the assessment of hypertension as a risk factor is the possibility that short-term hypertension (<5 years) may procure a protective effect, 47 whereas a positive association has been observed with prolonged exposure to hypertension. 48, 49 Our results also indicated that longer follow-up time is more likely to see the increased risk in renal and uterine corpus cancers (Table 5) . To clarify whether the use of antihypertensive agents can reduce cancer risks, we further analyzed subdivision cancer risk among hypertension patients by treatment and found that antihypertensive agents did not decrease cancer risks (Table 6 ). It is understandable because the association is much more complex. Besides antihypertensive agents, hypertension patients may have alternative ways to control their blood pressure, such as food restriction, body weight control, and exercise. Patients who take antihypertensive agents may This study has the strength of being a nationwide population-based design with high generalizability. However, several limitations should be acknowledged. First, the association between hypertension and cancer may be ''diluted'' by the fact that there was no screening for blood pressure and the diagnosis of hypertension in this study is based only on a retrospective analysis of reported diagnosis of hypertension, as hypertension is largely an asymptomatic disease. Second, no information was available regarding the patients' lifestyle or behavior; consequently, we could not account for health-behavior-related factors, such as smoking status and alcohol consumption. Specific personality traits and various life events are associated with certain health-related behaviors and lifestyle factors (eg, smoking or inadequate nutrition). Unhealthy habits can increase the risk of developing cancer 50 and hypertension. [51] [52] [53] In this study, we attempted to account for smoking and alcohol-related illnesses to minimize the effect of potentially confounding variables. Third, obesity is a well-known risk factor for both cancer and hypertension, 54, 55 but the NHI database does not provide relevant information, such as body weight or body mass index. Consequently, we could not conduct more sophisticated tests. Fourth, information regarding family history of breast cancer or other cancers and genetic predisposition of development of cancer is lacking, and hence we could not take into consideration these potentially confounding factors while evaluating the data. Finally, a surveillance bias may exist because hypertension patients typically have regular clinical follow-up; thus, detecting more cancer patients in this group is expected.
In summary, this population-based cohort study shows that renal and uterine corpus cancer risks among hypertension patients in Taiwan are significantly higher than that of the general population. Higher cancer risk appears to be more obvious among younger hypertensive patients with longer follow-up time. Our findings emphasize the potentially complex relationship between hypertension and genitourinary and gynecologic cancers, and that the underlying mechanisms require further comprehensive investigation.
